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PROJECTION SCREEN 

BACKGROUND OF THE INVENTION 

0001. This invention relates to a screen for reflecting a 
projected image, in particular to an active Screen for reflect 
ing a projected image having improved contrast, and to a 
projection System incorporating Such a Screen. 
0002. When an image is to be viewed by a group of 
people, it is common to magnify the image by projecting it 
with a projector onto a Screen having a diffusely reflective 
Surface. Screens for indoor use typically have an area of a 
few Square meters, and Screens for outdoor use may have 
projected image, in particular to an active Screen for an area 
of 10 m or more. 

0003. However, ambient light reflected by the screen can 
cause the image to Suffer from poor contrast, requiring a 
more powerful projector to be used. Although the amount of 
ambient light can be reduced by Viewing the image in a 
darkened room, this is not always possible and can be 
inconvenient. 

0004. It is known to limit the amount of ambient light 
reflected towards a viewer by using a reflective material 
whose reflectance decreases at angles of incidence below 
about projected image, in particular to an active Screen for 
45 degrees. However, this may result in an undesirable 
reduction in the range of Satisfactory viewing angles. Also, 
Some ambient light will come from the same direction as the 
projected light, limiting the effectiveness of this approach. 
0005 To achieve a high contrast, plasma addressed liquid 
crystal displays and field emission displays have been used, 
but these can be expensive when used to form a display 
whose area is of the order of 1 m or above. 

SUMMARY OF THE INVENTION 

0006 According to one aspect of the invention, there is 
provided a projection Screen for reflecting from a first Side 
a projected image with enhanced contrast, comprising: an 
active layer whose reflectance can be changed under the 
influence of an electric field; at least a first electrode for 
applying an electric field acroSS the active layer; and a 
photoSensitive material whose electrical or dielectric prop 
erties can be changed under illumination, wherein the pho 
toSensitive material is arranged Such that the electrical field 
acroSS local regions of the active layer is dependent on the 
illumination incident upon the photoSensitive material in 
each Such local region with the result that reflectance of the 
active layer is locally dependent upon an intensity of light 
incident upon the first Side of the projection Screen in that 
local region. 
0007 Preferably, the photosensitive material is a photo 
conductor adapted to control current through the first elec 
trode. In another advantageous arrangement, there is also a 
Second electrode, whereby the electric field across the active 
region is applied between the first electrode and the Second 
electrode. In this case, the photoSensitive material may be a 
photoconductor adapted to control current through either 
electrode. 

0008 One of the electrodes may be situated between the 
first Side of the projection Screen and the photoSensitive 
material, in which case this electrode is preferably transpar 
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ent. It will be understood that the term transparent includes 
the possibility that Some absorption will occur. 
0009 Because the optical properties of the screen can be 
changed in localised areas without changing the optical 
properties of the whole Screen, an image with improved 
contrast and Sharpness can be obtained. 
0010 Since the screen has a layer structure, it can con 
Veniently be made flat over a large area and mounted 
Vertically, for example on a wall, So that it can be viewed by 
a group of people. 
0011 Since the projection Screen does not generate light, 

it will have a lower power consumption than emissive 
displayS. Such as field emission displayS or cathode ray tubes, 
and will be more Suitable for displaying an image over a 
large area. 

0012. The local reflectance of the screen may be a func 
tion of the light incident upon it, in which case an image will 
be projected onto the front of the Screen So that a reflected 
image can be viewed. In one embodiment, the local reflec 
tance of the Screen at a point will increase when the intensity 
of light incident on the Screen at that point is increased. This 
will cause the Screen to reflect more light in the bright areas 
of a projected image, thereby improving the contrast of the 
reflected image relative to the contrast which would be 
obtained with a Screen having a uniform reflectance. 
0013 An active layer will preferably be used whose 
reflectance can be changed under the influence of an electric 
field, Such that the active layer can be in a reflective state in 
which it reflects light, or in a less reflective state in which it 
reflects leSS or no light. In those regions of Screen where the 
active layer is in the reflective State, Visible light incident on 
the front of the screen will be reflected, so as to form an 
image that can be viewed. The active layer may be a normal 
mode active layer which is in a non reflective State when an 
electric field above a threshold value is applied acroSS it and 
in a reflective State when the electric field applied acroSS it 
is below the threshold value. However, a reverse mode 
active layer may be used which is in a reflective State only 
when an electric field above a threshold value is applied. 
0014. It will be understood that the bulk and/or interface 
optical properties of the active layer may be responsible for 
the changes in reflectance. Preferably, the reflectance of the 
active layer will be due to light scattering within the bulk of 
the active layer, and Scattering will be reduced when the 
active layer is in the non reflective State. The active layer 
may comprise a liquid crystal material. Preferably, the active 
layer will comprise regions of liquid crystal material or other 
optically active material embedded in a structural matrix. In 
a preferred embodiment, the active layer will be a Polymer 
Dispersed Liquid Crystal material, comprising liquid crystal 
micro droplets or pockets embedded in a polymer matrix. 
0.015 Preferably, the active layer will be an electrically 
insulating layer So that an electric field can be applied acroSS 
it when desired. However, in one embodiment, the active 
layer comprises a transparent photoconductor material. 

0016. The threshold electric field value at which the 
active layer makes a transition from a reflective State to a 
non reflective state will preferably be well defined, in order 
to selectively Switch off the reflectance of the screen in 
regions where the incident light is below a pre-Set value. 
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However, it will be appreciated that the transition will in 
practice occur within a range of electric field values if for 
example the microdroplets are not of a uniform size, or there 
are other inhomogeneities in the active layer. 

0017 Preferably, the pre-set level of incident light inten 
sity at which the active layer changes State will be chosen 
such that it is above the ambient light level. In the dark areas 
of the projected image where only ambient light is incident 
on the Screen, the Screen will remain dark, thereby improv 
ing the contrast of the image. Preferably, a potentiometer or 
other adjusting means will be provided to adjust the thresh 
old light level at which the active layer changes State, So that 
the Screen can provide good contrast under a range of 
ambient light conditions. The adjusting means may be 
manual, or alternatively automatic adjusting means may be 
provided, comprising an electronic circuit having a light 
Sensor, for example. 

0.018. The active layer may be transparent when it is in 
the non reflective State if the Screen is used to display a 
reflected image, in which case an absorbing Surface will 
preferably be located behind the active layer. This will cause 
the Screen to have a dark appearance in the dark areas of the 
image incident on the Screen. 
0019. The photosensitive material will preferably be a 
photoconductor that only conducts under illumination 
within a predetermined frequency range, at typical operating 
temperatures Such as room temperature. However, a material 
with a light dependent dielectric constant may be used in the 
case where current is not required to pass through the 
photoSensitive material. 

0020. The photosensitive material may be in the form of 
a layer situated adjacent to the active layer, between the first 
and Second electrodes. If the photoSensitive layer is opaque, 
then it will preferably be situated behind the active layer, but 
if the photoSensitive layer is transparent, it may be situated 
in front of the active layer. 

0021. In one embodiment, a reverse mode active layer 
and a layer of photoconductor are situated adjacent to one 
another, between the first and Second electrodes. At the 
points where light of Sufficient intensity is incident on the 
Screen, the photoconductor will conduct, thereby increasing 
the electric field across the active layer and the reflectance 
of the active layer at those points. In the regions where the 
photoconductor remains insulating, the electric field acroSS 
the active layer will not change Significantly. Since in this 
embodiment the active layer is an insulator, no significant 
current flows through the photoconductor, and little power is 
consumed. 

0022. In another embodiment, the photoconductor will 
form part of the active layer, Such that the active layer 
comprises regions of liquid crystal material or other opti 
cally active material embedded in a structural matrix, 
wherein each region of liquid crystal is bounded at least in 
part by a layer of transparent photoconductor. 

0023. In another embodiment, the active layer will com 
prise a plurality of Separated regions of optically active 
material embedded in a structural matrix of transparent 
photoconductor material. The active layer will preferably be 
contacted on each side by a first electrode and Second 
electrodes respectively So that an electric field can be 
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applied acroSS the active layer in the regions where the 
photoconductor is in the insulating State. 

0024. At least the first electrode may be structured with 
high and low resistance regions Such that a local electric 
field can be applied across the active layer when a current is 
passed through the first electrode. This will allow adjacent 
localised areas of the Screen having different levels of 
illumination to have a different reflectance, thereby preserv 
ing the Sharpness of the reflected image. The first electrode 
may be patterned as a unitary part, or the low resistance 
regions may be deposited on a high resistance sheet. Alter 
natively, the low resistance regions may be formed from a 
low resistance matrix. The high resistance regions may be 
formed by resistive links in electrical contact with the 
photoconductor. The first electrode will thereby provide low 
resistance delivery of current to a plurality of high resistance 
regions. 

0025 So that light can be reflected by the active layer 
without significant attenuation, the photoconductor will 
preferably be located behind the active layer in the direction 
of incident light. In order to allow sufficient light to reach the 
photoconductor when the active layer is in the reflecting 
State, a plurality of windows may be provided through the 
active layer. The windows may have side walls that are 
aligned perpendicular to the Surface of the active layer, or 
alternatively the side walls may be inclined in order to 
control the Solid angle within which light can pass through 
a window and reach the photoconductor. 
0026. An optical element such as a lens may be provided 
in each window to further control the Solid angle within 
which light can pass through a window and reach the 
photoconductor. 
0027) Alternatively, the photoconducting material may 
extend though the windows in the active layer and make 
electrical contact with the first electrode and the Second 
electrode, which will be situated on either side of the active 
layer. When light is incident on the photoconductor, a 
conducting path will be formed between the two electrodes, 
which will reduce the electric field across the active layer in 
the region where the conducting path has been formed, and 
increase the reflectance of the Screen in that region. 
0028. The projection screen may comprise at least a third 
electrode, the Screen being arranged Such that the active 
layer lies between the first electrode and the Second elec 
trode, and the photoconductor is between the first electrode 
and the third electrode. Current passing through a region of 
photoconductor will pass through the first and third elec 
trodes, which will alter the potential in one or more regions 
of the first electrode and will consequently change the 
electric field across the active layer in those regions. 
0029. The second electrode will preferably be a low 
resistance electrode, and if a third electrode is used, this will 
also be a low resistance electrode, So that each of these 
electrodes remain close to an equipotential in order to reduce 
the risk that the contrast of the reflected image will be 
distorted, particularly if a current is passed through an 
electrode. One or more of the electrodes will be preferably 
planar, to make the electric field across the active layer more 
controllable. 

0030. In some situations such as outdoors, the ambient 
light level may be similar to or higher than the light levels 
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of the visible projected image. Therefore, a control image in 
the near infrared or other invisible wavelength range may be 
added to the projected light forming the Visible image on the 
Screen, the control image being representative of the inten 
sity distribution of the visible image. 
0031. The screen will preferably be adapted such that the 
optical properties of the Screen are only affected by the 
control image. In one embodiment, the Screen will be 
adapted Such that the optical properties of the Screen only 
change in response to light incident on the Screen within a 
pre determined range of Solid angle, and angle of incidence 
of the visible image and the control image will be different, 
Such that the optical properties of the Screen only change in 
response to the control image. 
0032. Alternatively, or in addition, a photosensitive mate 
rial that is not significantly Sensitive to visible radiation may 
be used So that the reflectance or other optical properties of 
the screen are controlled by the control image. This will 
allow the Screen to be in a non reflective State in the dark 
areas of the image, even if the visible ambient light level is 
high. 

0033. If a photoconductor is used that is sensitive to 
visible radiation, a filter may be provided to shield the 
photoconductor from radiation in the visible range. Alter 
natively, the photoconductor may be shaped So that its 
Volume forms a resonant cavity tuned to the desired wave 
length. 

0034. The control image may be inverted with respect to 
the visible image, Such that maxima in intensity in the 
Visible image correspond to mimima in the infra red image. 
If Such an inverted image is formed, a Screen will be used 
where the reflectance decreases with increasing light inten 
sity. 

0035) It will be understood that the intensity of the 
control image will not necessarily be proportional to inten 
sity of the Visible image at each point. The functional 
relationship between the intensity of the control image and 
that of the visible image may be non linear, to compensate 
for the fact that the reflectance of the Screen in the visible 
range may not be proportional to the intensity of invisible 
light incident upon it. 

0.036 Since a screen will be used as part of a projecting 
System, according to a yet further aspect of the invention, 
there is provided a projection System, comprising a projec 
tion Screen as described above and a projector for projecting 
an image on the projection Screen. 
0037. The projector may be adapted to project an invis 
ible control image onto the Screen and the Screen may be 
adapted So that the reflectance at different points on the 
Screen is determined at least in part by the light intensity of 
the control image at those points. The control image can then 
be used to increase the contrast of a visible image projected 
coincidentally with the control image. Alternatively, the 
projector may only project a control image, and the control 
image may be used to modulate the reflectance of ambient 
light on the Screen, So that ambient light reflected from the 
Screen forms an image representative of the control image. 
0.038. The control image and the projected image may be 
projected onto the Screen by Separate projectors, in which 
case the projection System will comprise a main projector 
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for projecting a visible image and a control projector for 
projecting the control image. Advantageously to achieve 
most effective contrast, the invisible control image may be 
provided at a higher resolution than the visible image. 
0039. A projector may project the control image onto the 
front of the Screen, in which case the reflectance of the 
Screen will be controlled by the control image. Alternatively, 
a control image projected onto the back of the Screen may be 
used to control the reflectance on the front Side of the Screen, 
So that a visible reflected image may be formed thereon. 
0040. The projection system may be used to produce a 
color image. In one embodiment, to produce an image that 
is in color, the projector will be adapted to project a 
Sequence of monochrome images, each monochrome image 
having a different Single color, wherein the monochrome 
images are projected one after another Sufficiently rapidly 
that they are perceived as a Single image having a plurality 
of colors. Each monochrome image will preferably be 
produced by projecting a control image Simultaneously or 
immediately before a Single color is projected onto the 
SCCC. 

0041 Where the control image is invisible, visible light 
which is uniform or which carries a different pattern to the 
control image may be projected onto the Screen to form a 
Visible display corresponding to a representation of the 
control image. Since the image is formed by changing the 
optical properties of the Screen rather than by electrolumi 
neScence or photoluminescence, this yet further aspect of the 
invention provides a simple way of viewing an invisible 
image. 

0042 Preferably, the reflectance or the transmission of 
the Screen will be controlled by the control image, So that at 
each point on the Screen, Visible light incident on the Screen 
remains at the same frequency when it is reflected or 
transmitted by the Screen. 
0043. The source of invisible radiation may be a projec 
tor, and the control image projected onto the Screen may 
control the Screen's reflectance, So that light Such as Visible 
ambient light falling uniformly on the Screen is non uni 
formly reflected by the Screen and forms of an image thereon 
which can be viewed. Alternatively, a white light Source may 
be placed behind the Screen, and the control image may be 
used to control the transmission of the Screen at different 
points. 

0044) The source of invisible radiation may occur natu 
rally, and may be formed by hot objects emitting black body 
radiation, Such as burning wood in a fire. The display Screen 
may be used as a Visor on a fireman's helmet, So that he is 
better able to see hot objects. 
0045. In another embodiment, the display system is used 
as an infrared night vision System, and visible light incident 
on the Screen is optionally provided by an electrically 
powered light Source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0046) The invention will now be further described, by 
way of example, with reference to the accompanying draw 
ings, in which: 
0047 FIG. 1 shows a projection system according to the 
invention for viewing an image on a projector Screen; 



US 2001/0028501 A1 

0.048 FIG. 2 shows a cross sectional view of a portion of 
the projector Screen according to a first embodiment of the 
invention; 

0049 FIG.3 shows a plan view of a rear electrode in the 
first embodiment of the invention; 

0050 FIG. 4 shows a cross sectional view of a portion of 
the projector Screen according to a Second embodiment of 
the invention; 

0051 FIG. 5 shows a cross sectional view of a portion of 
the projector Screen according to a third embodiment of the 
invention; 

0.052 FIG. 6 shows a cross sectional view of a portion of 
the projector Screen according to a further embodiment of 
the invention; and 

0053 FIG. 7 shows a cross sectional view of a portion of 
the projector Screen according to a yet further embodiment 
of the invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0054. In FIG. 1, a projection system 10 is shown in cross 
Section having a projector 12 which projects incident light 
14 onto a projector Screen 16, where it forms a magnified 
image 18. The incident light 14 is reflected by the projector 
Screen 16 So that the image can be viewed. For clarity, 
reflected light 20 is shown reflected from the screen in one 
direction only, but in practice incident light 14 will be 
Scattered or otherwise reflected in a range of directions by 
the screen 16, so that the image 18 can be viewed in different 
locations with respect to the projector 12. 

0.055 Across sectional representation of a first embodi 
ment of the Screen 16 is shown in FIG. 2. The screen 16 has 
a layer Structure comprising an active layer 24 of material 
whose optical properties can be altered under the influence 
of an electric field. Here, the active layer is made from 
Polymer Dispersed Liquid Crystal (PDLC). In the relaxed 
State when no electric field is applied, the active layer 24 
causes light to Scatter, Such that the effect of the active layer 
is to diffusely reflect incident light 14, but when an electric 
field is applied, the active layer becomes transparent to light. 

0056. A rear electrode 28 (the first electrode) and front 
electrode 26 (the second electrode) are provided on either 
side of the active layer 24 so that an electric field can be 
applied thereacross. The front electrode 26, onto which light 
14 from a projector 12 will be incident, is made from a 
transparent layer of electrically conducting material 26b, 
here Indium Tin Oxide (ITO), coated onto a layer of 
transparent plastics material 26a which material forms a 
substrate. The front electrode 26 is arranged such that the 
electrically conducting material 26b is located adjacent to 
one side of the active layer 24. 
0057 Behind the rear electrode 28 there is provided a 
current sink electrode 32 (the third electrode), comprising a 
plastics material substrate 32a coated with a metal sheet 32b. 
The rear electrode 28 and the current sink electrode 32 are 
Separated by a photoconducting layer 30 therebetween, the 
photoconducting layer 30 being chosen Such that it only 
conducts in those areas where it is illuminated. The photo 
conducting layer 30 will be formed from light-absorbing 
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material such as Organic Photoconductor (OPC) material, 
optionally with dark pigment, So that it reflects little light 
and appears dark in color. 
0058. The rear electrode 28 is sufficiently transparent so 
that light that has travelled through the active layer 24 is able 
to pass though the rear electrode 28 and into the photocon 
ducting layer 30. 

0059) To allow a potential difference to be applied across 
the active layer 24 in Selected localised areas only, the rear 
electrode 28 is structured with high conductance sections 40 
and low conductance sections 42 as shown in FIG. 3. The 
low conductance Sections 42 are formed from a layer of 
material having a high sheet resistance. The high conduc 
tance sections 40 are formed from parallel strips of low 
resistance material (also known as busbars), which are in 
electrical contact with the high resistance regions. The rear 
electrode 28 may be made integrally by thinning a layer of 
conductive material in the high resistance regions 42, but in 
this example are made by depositing the low resistance 
Strips 40 on a high resistance sheet. The low resistance (high 
conductance) strips 40 are aligned in one direction, but they 
could alternatively be arranged to form a two dimensional 
grid pattern. 

0060. The rear electrode 28 has a contact region 44 
Situated along at least part of its perimeter, So that an 
external electrical contact can be formed to at least one end 
but preferably each end of the high conductance strips 40. 

0061 External electrical contacts A, B and C are pro 
vided to the front electrode 26, the rear electrode 28 and the 
Sink electrode 32 respectively, So that a respective potential 
V1,V2, V3 can be applied at the contacts of the respective 
electrodes 26.28,32. 

0062) In one example of a direct current (DC) mode of 
operation, the potential V3 of the sink electrode 32 is kept 
between the potential V1 of the front electrode 26 and the 
potential V2 applied to the contact B of the middle electrode 
28; i.e. V2<V3<V1 or V1zV3<V2. The sink electrode 32 is 
preferably grounded such that V3=0, and in this example V1 
and V2 are chosen to be equal and opposite; i.e. V1=-V2. In 
the absence of Strong illumination, there will therefore be a 
potential of 2V2 across the active layer 24, such that it is 
maintained in the transparent state. (Typically, V1 will be 
about -10 V and V2 will be about +10 V). 
0063 Under ambient light conditions, the photoconduct 
ing layer 30 will not conduct significantly, and the active 
layer will be in the transparent State, Such that light incident 
on the screen 16 is be absorbed by the photoconducting layer 
30, giving the Screen a dark appearance. 

0064. However, if and where sufficiently strong light is 
incident on the screen 16, the photoconducting layer 30 will 
conduct. This will cause a lowering of the local potential 
Vloc on the rear electrode 28 by an amount AV (i.e. 
Vloc=V2-AV). The local potential difference V1-Vloc 
across the active layer 24 will therefore be reduced by the 
Same amount AV. This local reduction in potential AV acroSS 
the active layer 24 will cause the active layer 24 to change 
locally from a leSS Scattering or transparent State to a more 
light-scattering State, with the result that the Screen 16 
becomes more reflective where Strong light is Shining 
upon it. 
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0065. This effect, which can be described as an amplified 
reflectance effect, increases the contrast of a reflected image, 
Since in the dark parts of the image, where only ambient light 
is falling on the Screen, reflection is reduced and the Screen 
appears dark, whereas in the bright parts of the image, the 
Screen behaves as a white reflective Screen, producing a high 
reflected light intensity. 

0.066 Another component shown in FIG. 1 is ambient 
light sensor 13. This can be employed to improve the 
response of the System to great variations in ambient light. 
Ambient light Sensor 13 is configured to measure the inten 
sity of the prevailing ambient light, and is configured to 
modify the response of the active layer. For example, the 
active layer may be adapted to produce a sharp or gradual 
transition from a fully reflective to a non-reflective State, in 
order to change the reflectance of the Screen in accordance 
with an incident light intensity. If this transition occurs Such 
that it is above the ambient light level, in the dark areas of 
the projected image where only ambient light is incident on 
the Screen, the Screen will remain dark, thereby improving 
the contrast of the image. If the ambient light level varies 
very considerably, it will be highly desirable to vary the 
response of the System in accordance with the ambient light 
level (otherwise the system would have to be configured for 
very high levels of ambient light and hence very bright 
projection). This could be achieved by manual control of a 
potentiometer in the circuit determining the electric field 
however it will be preferable for this to be arranged auto 
matically in response to the reading of the ambient light 
Sensor 13, which may be an appropriate photoelectric com 
ponent. 

0067. In order to understand more clearly how the change 
in potential AV across the active layer 24 can be achieved in 
a well localised fashion and thereby produce a well defined 
image, it should be noted that current can only flow between 
the rear electrode 28 and the sink electrode 32 at the point 
or points where light is incident on the photoconducting 
layer 30. Since the external contact B to the rear electrode 
28 is made at the perimeter of this electrode 28, current must 
flow at least Some distance in a lateral direction (parallel to 
the layers) in the rear electrode 28 before flowing vertically 
(normal to the layers) through the photoconducting layer 30 
at the point where it is conducting. 

0068. Current flowing laterally in the rear electrode 28 
will predominantly flow along the high conductance Strips 
40 without causing a significant Voltage drop. A significant 
Voltage drop will only occur where current has to flow 
laterally through a high resistance sheet region 42 in order 
to reach the point where the photoconducting layer 30 is 
conducting. Hence the rear electrode 28 will remain Sub 
Stantially at the Same potential V2 except in the region 
between the point where light is incident on the photocon 
ducting layer 30 and the conducting strip 40 nearest to that 
point. There will be a lateral potential gradient in this region, 
the minimum potential of V2-AV occurring at the point 
where the photoconducting layer 30 conducts. 

0069. The maximum lateral extent over which a signifi 
cant potential gradient can occur in the rear electrode 28 
determines the typical minimum length Scale over which the 
reflectance of the Screen 16 can change, and is governed by 
the Spacing between the conducting StripS 40. Here, the 
conducting StripS 40 are 10 um in width, with a periodicity 
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of 100 um, giving a Spacing between Strips of 90 um, which 
is too Small to be easily perceptible to the naked eye. 
Although little change can occur in the optical properties of 
the active layer 24 close to the conducting StripS 40, the 
conducting Strips occupy a negligible percentage of the 
Surface area of the rear electrode, about 10% of the Surface 
area in this example. 
0070. In a favoured mode of operation, an alternating 
(AC) voltage is applied between the front electrode 26 and 
the rear electrode 28 in order to reduce the deterioration of 
the active layer. In one possible configuration, V1 and V3 
are kept at ground, and an AC Voltage with a Square 
waveform oscillating between -10V and +10V is applied to 
the rear electrode V2. Since the time averaged field acroSS 
the active layer is Zero, damaging effects Such as electromi 
gration within the active layer or charge build up are 
reduced. 

0071. It will be understood that device parameters such as 
the thickness of the active layer 24, the sensitivity of the 
photoconducting layer 30 the resistance characteristics of 
the rear electrode 28 as well as the Voltages applied between 
the electrodes 26, 28, and 32 are interdependent quantities. 
For example, increasing the thickness of the active layer 24 
will increase the potential difference required to maintain it 
in the transparent State, but will reduce the amount of light 
reaching the photoconducting layer 32, which will in turn 
further affect the electric field across the active layer 24. In 
practice, the device parameters will be chosen Such that 
when the active layer 24 is in the light Scattering State, 
Sufficient light is still able to reach the photoconducting layer 
30 in order to maintain the active layer 24 in the light 
Scattering State. 
0072 Typically, the front electrode 26 will comprise a 
layer of ITO 26b having a thickness in the range 50 nm to 
1000 nm. The thickness of the active layer, PDLC in this 
example, will typically be in the range 10tum to 50 lum. The 
rear electrode 28 will comprise a resistive sheet of ITO 
typically in the range 25 nm to 1000 nm, which will form the 
high resistance regions 42, and copper or aluminium con 
ducting StripS 42 Strips about 1 um thick deposited thereon. 
The photoconducting layer 30 will be coated OPC, having a 
thickness typically in the range 1-20 tim, and the Sink 
electrode 32 will comprise an aluminium coating whose 
thickness is in the range 1 um to 20 lum. 
0073. A second embodiment of the invention is shown in 
FIG. 4 (parts corresponding to those in the first embodiment 
have been given the same numerals). This embodiment 
differs principally from the first embodiment in that win 
dows 34 have been formed through the active layer 24 in 
order to increase the light intensity incident on the photo 
conducting layer 30 located behind the active layer 24. The 
windows are particularly important when the active layer 24 
is in the light-Scattering State, Since otherwise the light could 
be significantly attenuated before reaching the photocon 
ducting layer 30, with the possible result that the resistance 
of the photoconducting layer 30 would prevent the active 
layer 24 from becoming Sufficiently Scattering. 

0074 To further control such a possible feedback effect, 
the photoconducting layer 30 is structured as shown in FIG. 
4 Such that the photoconducting material is removed every 
where except behind the windows 34 in the active region 24. 
However, it will be understood an active layer 24 having 
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windows 34 could be used with an unpatterned photocon 
ducting layer 30. In FIG. 4, the areas where photoconduct 
ing material has been removed have been filled with regions 
of epoxy 36 to maintain the Structural Strength of the Screen 
16. 

0075 Typically, the windows will have lateral dimen 
Sions of about 10 tim, and will be arranged in a two 
dimensional periodic array having a period of about 100 um. 
0076. In FIG. 4, the windows 34 though the active layer 
24 have parallel side walls 35 which are arranged normal to 
the front and back surfaces of the active layer 24. However, 
micro lenses may be provided in the windows 34 to control 
the solid angle within which ambient light is admitted 
through the windows 34 and onto the photoconducting layer 
30 The side walls 35 of the windows 34 may be coated with 
a light absorbing material to further reduce the effect of 
ambient light. 
0077. A third embodiment of the invention is shown in 
FIG. 5 where the screen 16 comprises a front electrode 26 
and a rear electrode 28 with an active layer 24 therebetween. 
The front electrode is transparent and is structured with high 
resistance regions 42 and low resistance Strips 40 in a similar 
fashion to the rear electrode shown in FIG. 3 in relation to 
the previous embodiments. The rear electrode 28 has a light 
absorbing Surface 29 facing the active layer 24, to reduce the 
reflection of light incident upon it. 
0078. The active layer has a plurality of windows 34. 
Photoconducting pillars 30 are disposed through each win 
dow, extending between the front electrode 26 and the rear 
electrode 28 on either side of the active layer 24. 
0079. In operation, a potential difference V is applied to 
contacts A and B which connect to the front electrode 26 and 
the rear electrode 28 respectively. 

0080 Under ambient light conditions, the light incident 
on the photoconducting pillars 30 is insufficiently intense to 
cause these pillars 30 to conduct, and the potential difference 
V applied acroSS the contacts A and B is present across the 
active layer 24. The active layer 24 is therefore in the 
transparent State, and ambient light is transmitted through 
the active layer to the surface 29 of the rear electrode 28 
where it is absorbed, giving the Screen 16 a dark appearance. 
0081. In the regions of the screen illuminated by pro 
jected light, the light intensity is Sufficient to cause the 
photoconducting pillarS 30 to conduct, and because of the 
resistance pattering on the front electrode, the potential 
difference between the front and rear electrodes 26.28 
diminishes in the vicinity of the one or more pillars 30 
caused to be in the conductive State due to the projected 
illumination 14. The local decrease in potential difference 
between the front and rear electrodes 26.28 brings about a 
decrease in electric field acroSS the active layer 24 which 
Switches the active layer 24 into the light-scattering State in 
which it reflects light. This results in the local reflectance of 
the Screen 16 being increased in the bright regions of an 
image where projected illumination is incident on the Screen 
16, which increase the contrast of the reflected image. 
0082 If in any one of the above embodiments the ambi 
ent light intensity varies in a periodic fashion, as is the case 
with many ambient light Sources powered by an AC mains 
Supply, the influence of ambient light on the reflectivity of 
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the active layer can be further reduced by modulating the 
intensity of the projected image with the same frequency as 
the ambient light, Such that the temporal maxima in the 
projected image intensity and the temporal maxima in the 
Voltages acroSS the active layer coincide with the temporal 
minima in the ambient light variations. 
0083. Alternatively or in addition to improve the contrast 
of a reflected image yet further, the reflectance of the Screen 
can be varied with the same frequency as that of the ambient 
lighting, Such that the reflectance of the Screen is out of 
phase with the intensity of ambient light, and the Screen is 
at its most reflective when the ambient light intensity is 
lowest. The reflectance of the whole screen may be varied 
uniformly, or alternatively only those areas of the Screen 
where the projected image is bright may be varied. 

0084. It should be noted that in this and in other embodi 
ments provided temporal Synchronisation of the electric field 
acroSS the active layer is not associated with the intensity of 
the projected image. 

0085. In certain of the embodiments shown, the projec 
tion Screen may provide better response if the projected 
image is optimised for the particular optical properties of the 
projection Screen (for example, in embodiments Such as 
those which include optical elements in windows within the 
Screen Structure). In these cases, it may be advantageous for 
the projector 12 to project an image that is optimal for the 
projection screen 16, rather than that which would be 
projected onto a conventional projection Screen. Projector 
12 could be configured to allow Switching between a "nor 
mal projection” mode and an “active Screen projection' 
mode to achieve this, for example. It is also possible that in 
certain circumstances an active projection Screen 16 may be 
less effective than a conventional projection Screen (with 
uniform reflection properties) and that the option might be 
provided for the projection screen 16 to operate in “active” 
mode (in which case it will behave as indicated here) or in 
“passive” mode (in which case it will be controlled to 
provide the response of a normal passive Screen). 
0086. In a further embodiment, light 14 outside the 
Visible Spectrum, Such as near infra red radiation, can be 
used to control the reflectance of the Screen 16 by causing an 
infrared sensitive photoconductor 30 to conduct. A screen 
having a structure as shown in FIGS. 2, 4 and 5 and a 
structured electrode as shown in FIG. 3 may be used. 
0087. The control image projected by a projector 12 (as 
shown in FIG. 1) may coincide with a projected visible 
image. A photoconductor 30 may be used that is insensitive 
to visible light, thereby reducing the likelihood of ambient 
light turning the Screen 16 into a high reflectance State. 
0088 Alternatively, the control image may be projected 
onto a Screen in order to modulate the reflectance of the 
Screen So that ambient light falling on the Screen is reflected 
from the Screen, with a spatial intensity that corresponds to 
that of the control image. 
0089. The control image may be projected with the same 
projector 12 as the visible image, or a separate control 
projector 13 may be used to project the control image. 

0090. A further embodiment of the invention is displayed 
in FIG. 6, where a screen for use with a negative projected 
image is shown Schematically in croSS Section. Starting from 
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the front side of the screen 16 upon which light 14 is 
incident, the Screen comprises a transparent front electrode 
26, an active layer 24 made from PDLC, a photoconducting 
layer 30 sensitive to infra red light, and a rear electrode 28 
having a light absorbing Surface 29 which faces the photo 
conducting layer 30. Contacts A and B are connected to the 
front and rear electrodes 26.28 respectively. 
0091) Both the front electrode 26 and the rear electrode 
28 have a low sheet resistance, So that when in operation a 
potential V is applied between contacts A and B, each 
electrode 26.28 is an equipotential. 
0092. When no infra red light is incident on the photo 
conductor, the photoconducting layer is an insulator and the 
potential V is almost entirely dropped in the region between 
the two electrodes 26.28, and in part acroSS the photocon 
ducting layer 30. The potential V is chosen such the electric 
field acroSS the active layer 24 is low enough for the active 
layer to be in the light Scattering State, and the Screen 16 is 
therefore reflective. 

0093. In the regions where infra red light is incident on 
the Screen 16, the infra red passes through the active layer 
and causes the photoconductor to conduct locally. This 
increases the local electric field in the active layer, which 
remains transparent. The relative thickness of the active 
layer 24 and the photoconducting layer 30 as well as the 
Voltage V are chosen Such that the local increase in electric 
field acroSS the active layer 24 causes the active layer 24 to 
Switch to the transparent State only in those regions where 
the photoconducting layer 30 conducts. 
0094 Since light is absorbed by the rear electrode 28 
where the active layer is transparent, the reflectance of the 
Screen 16 decreased in those regions exposed to infrared. 
Hence with an inverted infra red image used to control the 
Screen reflectance, a visible non inverted image can be 
produced with improved contrast. 

0.095 Generally, where an invisible control image is 
provided, particularly effective results may be achieved by 
projecting this image at high resolution and the Visible 
image at lower resolution-it may generally be easier to 
provide a high resolution invisible image (which could be 
essentially monochromatic) and a lower resolution color 
image, but as the contrast is provided by the invisible image 
an apparently high resolution color image can be achieved. 

0.096] A reverse mode PDLC may be used, whose prop 
erties are Such that it is in a light Scattering or reflecting State 
when a potential difference is applied acroSS it. Use of a 
reverse mode PDLC layer as the active layer 24 is particu 
larly appropriate in the embodiment shown in FIG. 6, since 
light incident on the Screen increases the potential acroSS the 
active layer when a potential is applied acroSS the upper and 
lower electrodes 26.28. With a reverse mode PDLC layer as 
the active layer 24, in reflectance of the active layer 24 and 
Screen 16 increases with increasing illumination, So that an 
inverted control image does not have to be used. 
0097 Although the photoconductor 30 in this embodi 
ment is situated behind the active layer 24, if a transparent 
photoconductor layer 30 is used, Such a layer may be 
situated in front of the active layer 24. 
0.098 FIG. 7 shows a yet further embodiment of the 
invention, where an active layer 24 is Sandwiched between 
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a front electrode 26 and a rear electrode 28. The active layer 
24 comprises micro pockets of liquid crystal material 25 
embedded in a structural matrix 27 made from a transparent 
polymer material. Each pocket of crystal material 25 is 
Surrounded by a layer of transparent photoconducting mate 
rial 30. When a potential is applied between the electrodes 
26,28, Some of that potential is dropped acroSS the micro 
pockets 25, Some is dropped across the Structural matrix 27, 
and Some is dropped across the photoconductor layer 30. 
Where light is incident on the screen 16, the photoconduct 
ing layerS 30 Surrounding the micro pockets 25 will conduct, 
and the photoconducting layers 30 will be close to an 
equipotential. Therefore, the potential drop acroSS the pock 
ets of liquid crystal material 25 will be at least partially 
Screened, and the electric field across the pockets 25 will 
decrease. If a normal mode liquid crystal material is used, 
the decrease in field will cause the liquid crystal to become 
Scattering, Such that the active layer is reflective where light 
is incident upon it. The upper surface 29 of the lower 
electrode 28 may be coated with light absorbing materialso 
that if the Screen 16 is used to reflect a projected image, the 
Screen appears dark in the dark areas of the projected image. 
0099] The pockets of liquid crystal material 25 will 
preferably be randomly arranged, but they may be arranged 
in a periodic fashion. Typically the pockets will be about 0.2 
tim to 2 um in diameter. 
0100. In an alternative embodiment, the structural matrix 
material 27 may be transparent photoconductor material, So 
that with reference to FIG. 7, the transparent photoconduc 
tor layer 30 is part of the matrix material 27. In this 
embodiment, a Significant field acroSS the pockets of liquid 
crystal material 25 will only be possible when the photo 
conductor matrix material 27 is in the insulating state. When 
a potential difference is applied between the upper and lower 
electrodes 26.28, only in those regions where light is inci 
dent on the screen 16 will there be a field across the pockets 
25 of liquid crystal material, So that the active layer can 
Switch locally from a reflective to a non reflective state and 
Vice versa. 

0101 AS it will be appreciated from the above descrip 
tion, this invention provides different ways of modulating 
the reflectance of a Screen. A visible image can be produced 
from incident ambient light falling on the Screen, or a visible 
projected image can be reflected with a high contrast. 

1. A projection Screen for reflecting from a first Side a 
projected image with enhanced contrast, comprising: an 
active layer whose reflectance can be changed under the 
influence of an electric field; at least a first electrode for 
applying an electric field across the active layer; and a 
photosensitive material whose electrical or dielectric prop 
erties can be changed under illumination, wherein the pho 
toSensitive material is arranged Such that the electrical field 
acroSS local regions of the active layer is dependent on the 
illumination incident upon the photosensitive material in 
each Such local region with the result that reflectance of the 
active layer is locally dependent upon an intensity of light 
incident upon the first Side of the projection Screen in that 
local region. 

2. A projection Screen as claimed in claim 1, wherein the 
photosensitive material is a photoconductor arranged to 
control current through the first electrode. 

3. A projection Screen as claimed in claim 1 or claim 2, 
wherein the first electrode is disposed between the first side 
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of the projection Screen and the photoSensitive material and 
wherein the first electrode is transparent. 

4. A projection Screen as claimed in claim 1, further 
comprising a Second electrode whereby the electric field 
acroSS the active region is applied between the first electrode 
and the Second electrode. 

5. A projection Screen as claimed in claim 4, wherein the 
photoSensitive material is a photoconductor arranged to 
control current through the first electrode or the Second 
electrode. 

6. A projection Screen as claimed in any preceding claim, 
wherein the active layer is formed from a liquid crystal 
material. 

7. A projection Screen as claimed in claim 6, wherein the 
liquid crystal material is a polymer dispersed liquid crystal 
material. 

8. A projection Screen as claimed in any preceding claim, 
wherein the local reflectance of the active layer increases 
with the intensity of the projected image. 

9. A projection Screen as claimed in any preceding claim, 
wherein there is no temporal Synchronisation between the 
electrical field applied acroSS the active layer and the inten 
sity of the projected image. 

10. A projection Screen as claimed in any preceding claim, 
wherein the active layer is transparent when it is not in the 
reflective State, and the projection Screen further comprises 
an absorbing layer or Surface Situated on the Side of the 
active layer remote from the first Side of the projection 
SCCC. 

11. A projection Screen as claimed in any preceding claim, 
wherein the first electrode is structured with high resistance 
regions and low resistance regions Such that an electric field 
can be applied with high impedance acroSS localised regions 
of the active layer when a current is passed through the first 
electrode. 

Oct. 11, 2001 

12. A projection Screen as claimed in any preceding claim, 
wherein the layer of active material has a plurality of 
windows therethrough. 

13. A projection Screen as claimed in claim 12, wherein 
the photoSensitive material extends though the windows in 
the active layer. 

14. A projection Screen as claimed in claim 12 or claim 13, 
wherein the windows are arranged So as to form optical 
elements. 

15. A projection Screen as claimed in any preceding claim, 
wherein the photosensitive material is in the form of a layer. 

16. A projection Screen as claimed in claim 4 and any 
claim depending thereupon, further comprising a third elec 
trode. 

17. A projection Screen as claimed in any preceding claim, 
wherein the photoSensitive material is predominantly 
responsive to radiation outside the visible spectrum. 

18. A projection System, comprising a projection Screen as 
claimed in any preceding claim and a projector for project 
ing an image on the projection Screen. 

19. A projection System as claimed in claim 18, wherein 
the projector is adapted to modify a projected image from 
that projected on to a conventional projection Screen in 
accordance with optical properties of the projection Screen 
of the projection System. 

20. A projection System comprising a projection Screen as 
claimed in claim 17 and a first projector for projecting a first 
image in invisible radiation to which the photoSensitive 
material is responsive, and a Second projector for projecting 
Visible light onto the projection Screen. 

21. A projection System as claimed in claim 20 wherein 
the Second projector projects a color image at lower reso 
lution than the first image. 
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